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1. Summary of Research

The research centered on two major classes of linear systems:
Linear time-varying systems and linear infinite-dimensional systems.
A brief description of the work which has been carried out on each

class of systems is given below.

1.1 Linear time-Varying Systems

A fairly complete theory of reali:zizon was developed for the

class of input/output maps given by an analytic weighting pattern

(Green's function). Necessary and sufficient conditions were derived

for the existence of a realization given by a first-order vector

differential equation with analytic coefficients. In particular,

it was shown that realizability is equivalent to the finiteness of

modules (defined over a ring of real analytic functions) generated

from the weighting pattern. The work has resulted in the first

general procedure for computing minimal realizations. The procedure

is based on a method for computing bases for finite free modules defined

over a Bezout domain. These results have also been utilized to yield

a systematic procedure for reducing a given state-equation representation

in order to construct a minimal state model. Minimal models have
desirable dynamical properties which are very useful in control and

estimation problems, and thus the ability to reduce a given model

should prove to be very useful in a wide range of applications.

A complete description of this work can be found in reference (5) in

the list of research papers,

1.2 Linear Infinite-Dimensional Systems

The second part of the work dealt with various classes of linear
infinite-dimensional systems including lumped-distributed networks

(e.g., lumped networks with LC or RC transmission lines), systems with

time delays, sulti-dimensional systems, and linear infinite-dimensional

discrete-tim systems. It was discovered that due to similarities

between these classes of systems/networks, some techniques are
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applicable to all four classes of systems and iu many instances,

results for one class of systems yield corresponding results for the

other classes of systems. As an excellent example of this "carry

over" of results, it was discovered that results on the stability of

two-dimensional systems have a counterpart in the theory of linear

systems with time delays. More precisely, we were able to define a

notion of "two-dimensional" stability for systems with time delays,

which turned out to be very closely related to the notion of stability

independent of delay. A very important feature of the new stability

concept is that it can be checked in a finite number of steps, whereas

such is not the case for fixed-delay stability. This new concept of

stability has turned out to be very useful in the study of feedback

control, for example, in the problem of stabilization by feedback.

In addition to linear systems with delays, we also concentrated on

linear malti-dimensional systems and linear infinite-dimensional discrete-

time systems. These classes of systems arise in applications involving

distributed processing, array processing, and parameter-adaptive control.

The first phase of the work centered on the development of a control

theory based on a Riccati difference equation with coefficients in a

conutative Banach algebra. Necessary and sufficient conditions for

the existence of solutions to the (generalized) Riccati equation have

been obtained. These results have been utilized in the study of

stabilization by feedback. For details on this work and the work on

systems with time delays, please refer to references (11, (6), [71,

[81, and [9] in the list of research papers.
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